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Wednesday, February 6, 2013 559amodes of experimentally determined crystallographic structures with compu-
tational prediction of the pyrimidine derivative binding to CAs. Structure-
thermodynamics correlations will be discussed. Several compounds bound
to select CAs with single-digit nanomolar affinities and could be used as leads
for inhibitor development towards anticancer target CA isozymes.
Heme Proteins
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Aerotaxis is an important biological process for bacteria, as they utilize a signal
transduction system to rapidly sense and respond to fluctuating O2 levels and
retain their homeostasis. HemAT isa heme-based O2 sensor protein that acts
as a signal transducer for aerotaxis in Bacillus subtilis, controlling the organ-
isms’ movement towards increasing O2 gradients. The molecular mechanisms
for intra- and inter-molecular signal transduction processes are largely un-
known. In our work, we have employed time-resolved step-scan Fourier trans-
form infrared (TRS2-FTIR) spectroscopy to investigate the protein structural
changes induced by ligand (CO) photodissociation and rebinding that are cru-
cial for understanding the initial events of the intramolecular signal transduc-
tion mechanism in HemAT. We have studied the truncated sensor domain
and full length HemAT-CO adducts as well as the Y70F, Y133F, L92A, and
T95A mutants. Monitoring the kinetics of CO rebinding to the heme-Fe2þ
(td=6ms-6ms) reveals biphasic kinetics for both the full length and truncated
sensor domain HemAT. The TRS2-FTIR experiments have additionally re-
vealed that Y70 predominantly controls the conformational changes that are in-
duced to the protein matrix by CO photodissociation. Moreover, L92 appears to
operate as the conformational gate in the migration pathway of photodissoci-
ated CO.
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The O2-affinities of deoxy- and oxy-hemoglobin (Hb) [KT and KR,] are re-
duced as much as 102- and >103-folds, respectively, upon binding of potent
heterotropic effectors(1). However, the quaternary structures, the stereochem-
ical structures of the heme environment, the heme coordination structures and
the axial electronic structures of the heme coordination (1/2 Fe-His = 215
cm-1 or 1/2 Fe-O = 567cm-1)(3), either in crystal(2) or in solution(1,3),
show no detectable changes upon binding of these potent heterotropic effec-
tors. Thus, the O2-affinities of Hb [KT and KR] are correlated to neither
T/R-quaternary structures nor the ligation states of Hb in the presence and
absence of heterotropic effectors. They, further, indicate that these effector-
bindings to either deoxy- or oxy-Hb do not alter the O2-affinities of the hemes
in the respective ligation states of Hb, though they reduce the O2-affinities of
the respective states of Hb. Our molecular dynamics simulation(4) indicates
that the amplitudes of high-frequency thermal fluctuations of the protein ma-
trix significantly increase as the O2-affinity of Hb is reduced, independent of
the quaternary structures and the ligation states. Bi-molecular ligand associa-
tion/dissociation processes to/from the hemes in hemoproteins such as Mb and
Hb are interfered from physical barriers of the protein matrix (the ‘‘Cage’’
effect). The O2-affinity in Hb is regulated by the effector-linked, dynamic
modulation of high-frequency thermal fluctuations of the protein matrix in
Hb (the dynamic allostery mechanism) rather than static quaternary/tertiary
structural changes in Hb.
References:
(1) Yonetani & Laberge, BBA 1784 (2008) 1146, (2) Yokoyama et al., JMB
356 (2006) 790, (3) Kanaori et al., BBA 1807 (2011) 1253, (4) Laberge &
Yonetani, Biophys. J .94 (2008) 1.
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The O2 affinity of hemoglobin (Hb) is affected by allosteric effectors (e.g. H
þ,
chloride, and organic phosphate) and temperature. Hb oxygenation is exother-mic, i.e., the oxygen-binding affinity increases significantly with decreasing
temperature. This makes it difficult for the Hb molecule in blood to deliver ox-
ygen to the tissues under conditions of hypothermia during major surgical
operations. We constructed plasmids to express recombinant woolly mammoth
Hb (rHb WM) and Asian elephant Hb (rHb AE). Our biochemical-biophysical
studies show that the apparent heat of oxygenation (DH) of rHb WM is less
negative than that of rHb AE and human normal adult Hb (Hb A), suggesting
that the O2 affinity of rHbWM is much less dependent on temperature. In order
to investigate the key residues of the Hb molecule responsible for the temper-
ature effect on O2 affinity, mutants with b/d101 substitutions (b/d101Gln/
Glu, Lys, and Asp) in rHb WM have been expressed.Compared to rHb
WM,these mutants exhibit a higher affinity for oxygen, and a more negative
DH value under various conditions of pH, temperature, and salt concentration,
with and without organic phosphates. Titrations for the O2 affinity of those mu-
tant rHbs as a function of chloride concentrations indicate a lower heterotropic
effect of this anion due to the replacement of b/d101Gln, suggesting that the b/
d101Gln residue in rHb WM is important for its stronger response to chloride
ions, and also responsible for its lower temperature effect of O2 affinity. NMR
measurements for rHb WM and its mutants have been used to correlate their
structural and functional properties. These findings could provide new insights
into designing hemoglobin-based oxygen carriers (HBOCs) for treating pa-
tients undergoing therapeutic hypothermia (e.g. cardiac arrest, traumatic brain
injury, stroke, etc.).
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Photoacoustic calorimetry and transient absorption have been used to charac-
terize thermodynamic and kinetic parameters for oxygen photorelease from
human hemoglobin (Hb) complexed with allosteric effectors in terms of
time-resolved volume and enthalpy changes, quantum yields for bimolecular
rebinding, and rate constants for oxygen rebinding. Under stripped conditions
we observe a significant temperature dependence of enthalpy and volume
changes associated with oxygen photorelease. Below 16 C an endothermic
enthalpy and volume expansion (DH = 272 5 60 kcal mol1, DV = 19.5 5
4.5 mL mol1) were determined for O2 photorelease, while above 16 C the
reaction becomes exothermic and a volume contraction is observed (DH =
252 5 79 kcal mol1, DV = 58.3 5 16.5 mL mol1). Similar tempera-
ture dependence of DV/DH was observed in phosphate buffer at ionic
strength of up to 0.2 M. Moreover, the reaction volume and enthalpy changes
observed in the presence of 500 mM NaCl (I = 0.5 M) are significantly
smaller (DH = 27 5 8 kcal mol1, DV = 7.9 5 0.7 mL mol1) and the
temperature dependence is eliminated, suggesting the significant contribution
of electrostriction to the observed reaction parameters. L35 also eliminated
the temperature dependence without affecting volume and enthalpy changes
associated with O2 photorelease, effectively extending the low temperature
trend. L35 is known to bind strongly in the central cavity of Hb in the
a1b1 and a2b2 clefts, and may exhibit this effect by modulating inter-
subunit interactions. IHP acted similarly but decreased related enthalpy
changes. In addition, allosteric effectors and phosphate buffers were found
to increase the quantum yield for bimolecular rebinding of oxygen, and
rate constants for oxygen rebinding to Hb:L35 and Hb:IHP complexes
were lower than those for the stripped protein.
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Our kinetic studies have characterized the mechanisms of deoxyhemoglobin S
polymer depolymerization when exposed to CO (used as a model for oxygen
because rates can be controlled photolytically). Fibers dissolve slowly, losing
monomers from their ends at low partial pressure, and very rapidly at higher
partial pressures that induce fiber fracture and therefore many new ends.
Slow dissolution that is not complete in the time red cells traverse the pulmo-
nary microvasculature will generate residual arterial polymers (RAPs), enhanc-
ing pathogenesis by seeding nucleation of new polymers, accelerating
repolymerization and increasing its extent.
